ABSTRACT
I
nverted papilloma (IP), a benign sinonasal tumor that is locally aggressive and destructive, tends to recur if incompletely removed and undergoes significant malignant changes. Bony thickening is often observed in the attachment of IPs 1,2 ; however, osteogenesis in IP is extremely rare, and only five cases of IP with osteogenesis have been reported. [3] [4] [5] In addition, the mechanism of osteogenesis in sinonasal IP remains unclear.
Bone morphogenic proteins (BMPs) are multifunctional growth factors belonging to the transforming growth factor ␤ superfamily. It has been shown that BMPs are involved in the regulation of cell proliferation, survival, differentiation, and apoptosis. 6, 7 BMPs play a pivotal role in inducing formation of bone, cartilage, ligament, and tendon at both heterotopic and orthotopic sites. In this study, our objectives were to document three cases of IP with new bone formation and investigate a possible role of BMP in osteogenesis.
MATERIALS AND METHODS

Patients and Tissue Samples
Tumor tissues were obtained from patients with IP with new bone formation treated in our hospital.
Case 1 was a 70-year-old woman who presented with a right nasal tumor that caused right nasal obstruction. Nasal endoscopy revealed a pinkish mass that filled the right nasal cavity. Enhanced computed tomography (CT) showed an inhomogeneously enhancing mass, which filled the right nasal cavity, with marked osteogenesis. The bone was thick and edged shaped (Fig. 1) . Biopsy of the tumor was performed, and preoperative pathological examination revealed IP. Endoscopic sinus surgery (ESS) was selected based on the preoperative radiological findings and was performed under general anesthesia. We observed that the tumor had a broad attachment to the roof of the anterior ethmoid sinus. The tumor was thus successfully removed in one piece with the surgical margin free of disease. Newly generated bone tissue was surrounded within the tumor (Fig. 2) . The procedure lasted 1 hour, and intraoperative blood loss was 20 mL. Histopathologically, papillomatous proliferation of tumor cells was observed and new bone formation consisting of randomly organized trabeculae lined by osteoblasts was observed in the tumor (Fig. 2) . Thus, a definitive diagnosis of IP with new bone formation was established.
Case 2 was a 75-year-old man who had undergone ESS under local anesthesia with a preoperative diagnosis of a nasal polyp 5 years previously. Postoperative pathological examination revealed IP. The base of the tumor remained and the tumor gradually enlarged. Interestingly, CT showed new bone formation accompanying the tumor enlargement. As the tumor enlarged, the bone enlarged (Fig. 3 ). Although the patient had refused surgery for complete resection of the tumor after the first operation, the left nasal obstruction then worsened as the tumor enlarged: he agreed to the surgery finally in 2008, at which time he was successfully treated by ESS under general anesthesia. Postoperative histological examination revealed IP with new bone formation.
Case 3 was an 81-year-old man who presented with a left nasal tumor causing left nasal obstruction. Nasal endoscopy revealed a pinkish mass that filled the left nasal cavity and enhanced CT showed an inhomogeneously enhancing mass, which filled the left nasal cavity, with osteogenesis. The bone was a round shape, which was different from those of cases 1 and 2 (Fig. 4) . Biopsy of the tumor revealed IP. Although ESS was recommended to the patient, he refused surgery. Follow-up examinations with watchful waiting have been continued for 24 months thus far. Although left nasal obstruction lasted, symptoms such as facial pain, swelling, and nasal bleeding, which was suspicious of malignancy, have not been shown.
Samples that served as controls for BMP expression, consisting of five IPs without new bone formation (common type of IP) and five nasal polyps, were obtained from age-and sex-matched patients treated by ESS at our hospital during the same periods.
Immunohistochemistry
Rabbit polyclonal antibodies against human BMP-2, BMP-4 (LifeSpan BioSciences, Seattle, WA), and BMP-7 (AVIVA Systems Biology, San Diego, CA) were used for the detection of BMP expression in the IPs. IP tissues were fixed with 10% formalin and embedded in paraffin. Four-micrometer-thick paraffin sections were prepared for light microscopic examination. Specimens were dehydrated through a graded series of ethanol and treated with 1% hydrogen peroxide in absolute methanol for 30 minutes. Sections were exposed to Protein Block Serum-Free (Dako, Carpinteria, CA) for 5 minutes and then incubated with anti-human BMP-2, -4, and -7 antibodies (1:100 in 1% bovine serum albumin/phosphate-buffered saline [PBS]) for 24 hours. After rinsing with PBS, sections were incubated with biotinylated anti-rabbit IgG (Vector Laboratories, Burlingame, CA) for 1 hour. After they were rinsed with PBS, sections were incubated with ABC reagent (Vector Laboratories) for 30 minutes and developed in 0.05% 3,3Ј-diaminobenzidine-0.01% H 2 O 2 substrate medium in 0.1 M of phosphate buffer for 8 minutes.
RESULTS
Clinical Outcome
In cases 1 and 2, the patients were surgically treated, the postoperative courses were uneventful, and recurrence was not observed at the 2-year follow-up examination. Case 3 has continued to be followed under a watchful waiting regimen. None of the cases showed any association with malignancy. All patients were diagnosed with IP with new bone formation based on the CT and histological findings.
Expression of BMP in IP
To further investigate the osteogenesis in the tumor, the expression of BMP was also examined. Interestingly, IP with bone formation expressed BMP-4 but not BMP-2 or -7. The tumor cells were homogeneously stained with BMP-4. IP without bone formation, a common type of IP, and nasal polyps were all stained negatively for BMP-2, -4, and -7 ( Fig. 5 ; Table 1 ). These findings suggest that BMP-4 produced by IP tumor cells might be associated with new bone formation in the tumor.
DISCUSSION
IP with new bone formation is extremely rare: only five cases have been reported to date. [3] [4] [5] In the present study, we document three additional cases of sinonasal IP with new bone formation, its clinical management, and a possible role for BMP in osteogenesis. Calcifications may be classified as entrapped bone structures or as primary tumoral calcifications. Essentially, entrapped bone is a bone fragment enclosed within the tumor that erodes because of pressure atrophy, whereas primary tumorous calcification is calcification created by the tumor itself. Both may appear as calcifications on CT.
1,2,4 The histopathological examination revealed no entrapped bone or primary tumor calcification in the current bone structure. The examination showed new bone formation consisting of randomly organized trabeculae lined by osteoblasts. These randomly organized trabeculae were divided with prominent capillaries and mesenchymal cells. In general, however, the entrapped bone should be in a lamellar structure; however, in our case, the bone trabeculae were woven and represented active osteoblast production of newly formed bone. In addition, intraoperative findings showed that the newly generated bone in the tumor was independent of anatomically normal anatomic bone structure. Thus, the current cases were diagnosed as IP with new bone formation. Differential diagnosis for IP with new bone formation might be osteoma or fungal ball. A pathological examination by preoperative biopsy is important for the treatment.
Because IP is rare with accompanying new bone formation, the clinical difference between this disease and common IP is unclear. Aggressiveness has not been shown in the reported cases and in our cases. Generally, the treatment of choice for sinonasal IPs is surgery. To date, many series of sinonasal IPs have been reported, 8 -11 and different approaches, including lateral rhinotomy with external ethmoidectomy, the Caldwell-Luc approach, midfacial degloving, or ESS, have been used depending on tumor extension. 9, 10 ESS is now widely accepted and commonly performed in cases requiring nose or paranasal sinus surgery. It provides excellent magnification, illumination, and angled visualization, thereby allowing the surgeon to isolate the base of the tumor and accurately define the extent of disease. Among the five reported cases of IP with new bone formation, two were treated by ESS and three by external approaches. No recurrences have been observed in these cases. [3] [4] [5] In our cases, two were successfully treated by ESS and one is being followed with watchful waiting. Long-term follow-up of our patients will help in the optimal clinical management of IP with new bone formation. 
Figure 5. Immunohistochemistry for bone morphogenic protein (BMP; [a-c and g-l] 100ϫ magnification; [d and f] 400ϫ magnification). (a, d, g, and j) BMP-2, (b, e, h, and k) BMP-4, and (c, f, i, and l) BMP-7. IPB cells were strongly positively stained for BMP-4 and produced a negative result after staining for BMP-2 and BMP-7. IPB, inverted papilloma with new bone formation; IPC, inverted papilloma without bone formation (common type); NP, nasal polyp. *Bone tissue.
Another important finding in this report is the appearance of BMP expression in the tumor. This is the first report showing BMP expression in sinonasal IPs. BMPs belong to the transforming growth factor ␤ superfamily that mediates a multitude of developmental processes in various tissues. 6 This class of Ͼ20 proteins has been shown to have roles in cellular lineage commitment, differentiation, proliferation, patterning/morphogenesis, cellular maintenance/survival, and apoptosis. 7, 12 BMPs facilitate intramembranous and endochondral bone formation as well as formation of cartilage. 13 Although numerous growth factors such as platelet-derived growth factor and vascular endothelial growth factor may be involved in new bone formation, available studies suggest only BMPs are capable of initiating the process.
14 By induction differentiation of pluripotent progenitor cells along an osteogenic line, BMPs are able to stimulate osteogenesis at tissues distant from bone, a process termed "osteoinduction." 15 Extensive studies have indicatted that the BMPs with greatest osteogenic capacity are BMP-2, -4, -5, -6, -7, and -9.
7,12 BMP-2 plays a key role in osteoblast differentiation, osteogenesis, and chondrogenesis. It is potentially a retinoid mediator and plays a possible role in apoptosis. BMP-2 is also involved in dorsoventral patterning, craniofacial development, and heart development. 7 BMP-4 regulates the formation of teeth, limbs, lung, eye, and bone from mesoderm and also plays a role in fracture repair and is involved in dorsoventral patterning and craniofacial development. 7 BMP-7 plays a crucial role in osteoblast differentiation, eye development, renal development/repair, and craniofacial development and may play a role in cerebral protection from ischemic stroke. 7 In addition to their multifunctional roles in the regulation of cell proliferation, survival, differentiation, and apoptosis, BMPs have shown to be involved in tumorigenesis of various types of tumors by in vivo and in vitro studies. 12 Expression of BMPs in tumor tissues has been reported. 12, 16 BMP-2/-4 was localized predominantly to the cytoplasm of malignant cells with primitive mesenchymal features; no or little BMP is detected in the more differentiated elements of bone and soft tissue sarcomas. 16 Different levels of BMP-2/-4 expressions in bone and soft tissue sarcomas have been considered to be associated with the stage of mesenchymal differentiation. The ectopic formation of cartilage and bone mediated by BMP recapitulates the developmental processes that occur in the limb bud. 17 BMP is synthesized as precursor molecule consisting of a signal peptide. Mature BMP is then secreted in an active form, with dimerization taking place either intracellulary or extracellulary on secretion. These active molecules bind to BMP type I and type II extracellular surface protein receptors, which have serine-threonine kinase activity. Mesenchymal stem cells have a number of BMP receptors, and through their action, BMPs become potent inducers of osteoblast differentiation from these cells, as shown in vitro. 18 The process of endochondral bone formation is responsible for the majority of the limb skeleton. During this process, mesenchymal stem cells migrate via chemotaxis, condense, and then differentiate into chondrocytes, which, in turn, lay the extracellular matrix elements of cartilage. Invasion by osteoblasts, osteoclasts, blood vessels, and hematopoietic cells follows. The resulting cartilaginous matrix is then degraded and replaced by bone, completing the endochondral bone formation process. 19 BMPs have been shown to facilitate this process, particularly at the mesenchymal stem cell chemotaxis and differentiation stage. 19 In addition, BMPs induce proliferation and secretion of extracellular matrix elements in these cells. In this manner, BMPs may selfregulate via extracellular matrix-ligand binding in addition to their growth functions. The antagonism of BMP activity has particular importance during the osteogenic and chondrogenic embryonic developmental processes. 20 Intramembranous bone formation, in which mesenchymal stem cells condense and differentiate into osteoblasts without the formation of a cartilaginous scaffold, is also facilitated by BMPs. 20, 21 In this manner, BMPs have extensive roles not only in mediating the development of the bone skeleton and its supporting structures, but also in craniofacial development. 21 In the present study, IPs with new bone formation expressed BMP-4 but not BMP-2 or BMP-7. These findings suggest that BMP-4 might be involved in the osteogenesis in IPs. IP cells might induce new bone in the stroma via BMP-4/BMP receptor signaling. Inverted papilloma (bone)# 1 In conclusion, we have described an additional three cases of sinonasal IP with new bone formation. ESS was successful in achieving complete removal of the tumor. BMP-4 might be associated with new bone formation in the tumor.
